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Titanium plateTitanium craniofacial hardware has become commonplace for reconstruction and bone ﬂap ﬁxation following
craniotomy. Complications of titanium hardware include palpability, visibility, infection, exposure, pain, and
hardware malfunction, which can necessitate hardware removal. We describe three patients who underwent
craniofacial reconstruction following craniotomies for trauma with post-operative courses complicated by
medically intractable facial pain. All three patients subsequently underwent removal of the symptomatic
craniofacial titanium hardware and experienced rapid resolution of their painful parasthesias. Symptomatic
plates were found in the region of the frontozygomatic suture or MacCarty keyhole, or in close proximity with
the supraorbital nerve. Titanium plates, though relatively safe and low proﬁle, can cause local nerve irritation
or neuropathy. Surgeons should be cognizant of the potential complications of titanium craniofacial hardware
and locations that are at higher risk for becoming symptomatic necessitating a second surgery for removal.
Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
The use of titanium craniofacial plates and screws for reconstruc-
tion after craniotomy was ﬁrst described in the neurosurgical
literature in 1991 and has since grown to become the mainstay of
rigid bone ﬂap ﬁxation [1,2]. Cranial ﬁxation with titaniumminiplates
and screws has been compared to suturing and wiring with stainless
steel wires and has been found to be superior in providing a more
rigid ﬁxation and avoiding bone ﬂap migration [3,4]. However it must
also be kept in mind that rigid ﬁxation with titanium hardware is
more costly than that attained with suturing and wiring techniques.
Although the use of craniofacial titanium plating is safe and
effective, complications of titanium hardware have been described
and include palpability, visibility, infection, exposure, pain, and
hardware malfunction, which in turn can necessitate hardware
removal [5–8]. We describe three cases of supraorbital nerve
distribution irritation that largely resolved after removal of titanium
craniofacial hardware and review the available literature for the
removal of symptomatic craniofacial and periorbital hardware.N. Campbell Ave., Tucson, AZ
626 8313.
Palejwala).
ccess article under the CC BY-NC-NMaterials and methods
Three patients who underwent craniofacial hardware removal
following craniotomy performed by the senior author between
September 2009 and February 2014 at the University of Arizona
Medical Center were identiﬁed. Institutional review board approval
was obtained prior to commencing the review. An in-depth chart
review was conducted and their cases described below, including
indication for initial craniotomy, post-operative complications, rea-
sons for hardware removal, and imaging studies where appropriate.
An extensive literature review was then performed to understand
the indications for titanium hardware removal.
Results
Case 1
A 60-year-old female presented to the emergency department
with acute alteredmental status one day after outpatient frontal sinus
and nasal cavity debridement performed by a community otolaryn-
gologist. Computerized tomography (CT) revealed a large bifrontal
intraparenchymal hemorrhage, subarachnoid hemorrhage, parafal-
cine subdural hematoma, and intraventricular hemorrhage
(Fig. 1A-B). CT angiography (CTA) was also performed revealing a
right frontopolar branch pseudoaneurysm (Fig. 1C-D).
A modiﬁed orbitozygomatic osteotomy for hematoma evacuation
and repair of the anterior skull base defect was performed.
The patient’s post-operative course was complicated by hyper-
algesia and allodynia of the right supraorbital region and just aboveD license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Fig. 1. (B&W): (A–B) Axial and coronal views of the pre-operative CT showing a large bifrontal intraparenchymal hemorrhage and (C–D) coronal and sagittal views of the initial CT
angiogram demonstrating a pseudoaneurysm (arrow) of the frontopolar branch of the anterior cerebral artery.
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screw attached to her superior orbital ridge (Fig. 2). Her symptoms
persisted ten months after her original orbitozygomatic craniotomy
and she failed medical management with increasing doses of
pregabalin and narcotic pain medications. During reoperation
10 months after initial craniotomy, a titanium burr hole cover in the
anatomic keyhole region was found to be raised from the surface of
the bone, corresponding with the area of discomfort indicated by theFig. 2. (B&W): Three-dimensional view of the craniofacial hardware implanted
following orbitozygomatic craniotomywith an arrow indicating the symptomatic plate.patient. The bone had reincorporated and all of the hardware,
including two craniofacial titanium burr hole covers, four straight
craniofacial plates, and thirteen 4 mm craniofacial titanium screws,
was removed.
Post-operatively the patient noted signiﬁcant relief of the stabbing
lancinating pain in the keyhole region where the microﬁxation plate
had been proud.
Case 2
A 35-year-old female presented with an electric toothbrush
projectile through her right medial orbit and acute onset severe
aching pain in her right eye as well as bilateral headache radiating to
the posterior cervical region [9].
CT and CTA imaging revealed the head of the toothbrush, with
intact bristles, extending medial to the globe through the superior
orbital ﬁssure and breaking though the greater sphenoid wing ending
in the anterior temporal lobe (Fig. 3). A modiﬁed orbitozygomatic
craniotomy was performed as previously described [10] and the
toothbrush head and distal extent of the bristles were identiﬁed, and
the foreign body extracted (Fig. 4) [9].
The patient returned to clinic 9 months after foreign body
extraction with complaints of hyperalgesia and allodynia from the
orbital ridge directly back over her head in the sagittal plane in the
distribution of the supraorbital nerve. Her pain was refractory to
conservative management with oral narcotic pain medications,
Gabapentin, supraorbital nerve blocks, and Botox injections.
After 15 months of refractory pain, the patient was taken for surgical
removal of her superiormedial pterional plates and for supraorbital nerve
neurolysis. Intraoperatively a straight titanium plate was found adjacent
to the supraorbital foramen abutting, inferiorly displacing, and indenting
the supraorbital nerve (Figs. 5 and 6). This and all other titanium plates
Fig. 3. (Color): (A) CT and (B) 3D CT angiography demonstrating right medial orbital toothbrush foreign body with intact bristles (arrow).
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patient experienced immediate post-operative relief of her right forehead
pain, and was discharged home from the post-anesthesia care unit.
Case 3
A 45-year-old male presented with persistent cerebrospinal ﬂuid
rhinorrhea after a history of severe multiple facial and skull fractures,
including frontal sinus injury, twomonthsprior (Fig. 7). The initial injuries
occurredafter anATVcrash intoamailbox, followingwhichheunderwent
bifrontal craniotomy for frontal sinus exenteration and realignment of his
right orbit, frontal bone, and facial fractures (Figs. 8 and 9).
The patient was intermittently lost to follow-up but presented
4.5 years after his initial injury with complaints of persistent and
progressive pain in the region of his forehead. On exam, the patientFig. 4. (B&W): (A) Intraoperative view of the modiﬁed orbitozygomatic craniotomy
with toothbrush foreign body (B) extending through the superior orbital ﬁssure
towards the greater wing of the sphenoid.had a very thin scalp with easily palpable, and in some regions visible,
craniofacial hardware, as well a small gap between fracture fragments
in the frontal area where he had suspected nonunion. He subse-
quently underwent a staged titaniummesh, plate, and screw removal
as well as a large rotational ﬂap in conjunction with the facial plastics
team. A good cosmetic result was achieved. At the 4-week
post-operative visit the patient stated that his supraorbital lancinating
pain had resolved and his only residual symptom was mild left-sided
V1 distribution facial numbness.
Discussion
Removal of symptomatic craniofacial hardware has been described in
the maxillofacial literature and is generally reserved for palpability,
visibility, infection, exposure, pain, hardware malfunction and in the
setting of secondary reconstructive surgery [5,7,8]. A few centers,
however, continue to removeplates as a commonplacepractice, especially
in the pediatric population [6,11]. This practice has fallen by the wayside
since studies showing the relatively low systemic toxicity andFig. 5. (B&W): Three-dimensional view of the craniofacial hardware implanted
following orbitozygomatic craniotomy with the symptomatic plate highlighted.
Fig. 6. (Color): Intraoperative photograph demonstrating the proximity of titanium
plate (digital replication) to the supraorbital nerve (arrow) as it exits its foramen.
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opposed to the older cobalt and other metal or alloy plates [12].
Plate removal for those that have become symptomatic is a
generally accepted practice, however, with the principal indications
being palpability or visibility [5,7,8,11,12]. Some studies indicate that
anywhere from 6% to 25% of plates removed were done so to alleviateFig. 7. (B&W): Coronal (A–B) and axial (C–D) views of the initial CT demonstrating the ex
(arrows).patient discomfort, though no thorough analysis has been performed
to ascertain what percentage of patients who undergo cranial ﬁxation
with titanium hardware are likely to experience such discomfort
[5,7,8]. Ultimately, the exact incidence of pain necessitating hardware
removal after craniofacial ﬁxation is unknown, but likely decidedly
low given the commonplace practice of titanium plate implantation
and the low rate of hardware removal.
Although pain has been cited as an indication for removal, the
nature and origin of the discomfort have not been well delineated.
Some hypothesize that the pain is secondary to the nociceptive
receptors of the skin, while others feel that the pain might stem from
cold-insensitivity secondary to the intrinsic properties of the metal
used in the plate [5,7,8]. Nagase, et al. did hypothesize plate proximity
to major neurocutaneous nerves, such as the infra and supraorbital
nerves, to be a potential source of pain [8]. Review of our three
patients who underwent craniofacial hardware removal lends support
to this hypothesis as all three had symptoms in the distribution of the
supraorbital nerve. Furthermore, all had plates near the supraorbital
foramen or notch that were likely the source of nerve irritation.
Although repeat surgery for removal of craniofacial titanium
hardware is a relatively safe and straightforward procedure, surgeons
should strive to avoid the complications that necessitate hardware
removal [6,11]. Evaluation of plate removal based on location
indicated that the frontozygomatic area was not only a high-risk
location for plate palpability and visibility, but also an independent
risk factor for plate removal [7,8,12]. Kubota, et al. found that platestensive craniofacial trauma as well as the source for potential cerebrospinal ﬂuid leak
Fig. 9. (B&W): Non-contrast CT showing a left sphenoid roof fracture (arrow) that was
the conduit for CSF rhinorrhea.
Fig. 8. (B&W): Post-operative skull X-ray showing the craniofacial hardware placed for
reconstruction following orbitozygomatic craniotomy in addition to facial fracture repairs.
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suture, zygomaticomaxillary buttress, and piriform area had nearly a
four-fold increased risk of removal over controls [7]. Nagase, et al.
concluded that in addition to the frontozygomatic region the supra
and infraorbital rims were also associated with increased likelihood of
plate removal, and hypothesized that this might be secondary to
proximity to the supra and infraorbital nerves [8].
In addition to achieving a strong construct, a goal of rigid cranial
bone ﬂap ﬁxation should be to avoid repeat surgery for removal of the
hardware. It is essential to consider the structures that have been
retracted or ﬂapped back and how they will lay in the ﬁnal construct.
Avoiding plate placement near neural foramina and along the path of
cutaneous nerves is a reasonable maneuver to help prevent the need
for plate removal. Another preemptive tactic is to avoid placing
hardware in high-risk areas such as the frontozygomatic and the
periorbital regions, whenever possible [7,8].
Much of the information regarding craniofacial hardware removal
stems from the maxillofacial literature and is speciﬁc to reconstruc-
tion following trauma. We hypothesize that this information can be
extrapolated to craniotomies to better understand the complications
of cranial bone ﬂap ﬁxation hardware, especially since the same types
of hardware are often used. However, the speciﬁc indications for
removal of symptomatic titanium plates following craniotomies have
not been studied. Also, the nature of “pain” as the indication for
removal of hardware has not been adequately explored, especially in
regards to nerve irritation or neuropathies.
Conclusion
The use of titanium plates and screws for bony reconstruction
following craniotomy and craniofacial trauma is a safe and well-
established practice. However, the surgeon must be cognizant of the
placement of these plates in areas where there is relatively little
subcutaneous tissue and in proximity to neural foramina, and attempt
to place hardware in alternative sites, whenever possible, withoutcompromising ﬁxation strength. In an effort to decrease palpability
countersinking the hardware so that it sits ﬂush with the bone might
be an option. Another avenue for investigation is employing absorbable
hardware in high-risk areas, such that any neuro-compressive compli-
cations would be inherently short lived; though, biodegradable
hardware carries its own unique risk proﬁle [13,14]. Ultimately,
vigilance in plate placement can help prevent the need for a second
surgery for hardware removal due to largely avoidable issues such as
supraorbital nerve irritation and palpability.Disclosures
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